H ysterectomy is the most common major gynecological procedure in the United States, with more than 400,000 women per year undergoing this surgery. 1 While opioids are routinely used for postoperative pain control after hysterectomy, increasing attention is being paid to prescribing practices because of the epidemic of opioid abuse and overdose in the United States. 2 Data suggest that opioids prescribed after surgery can lead to chronic use or abuse, even among opioid naïve individuals. 3 The prevalence of new persistent opioid use among opioid-naïve patients following surgery ranges from 0.12% to 6.5% and varies, depending on the definition used and also by surgical procedure. [4] [5] [6] The criteria used to define persistent or chronic opioid use are often chosen arbitrarily, and studies looking at chronic opioid use after surgery often include multiple different procedures.
Despite the urgent need to better understand the impact of opioid prescribing, we currently lack an evidencebased definition of new persistent opioid use specific to hysterectomy. Therefore, the primary aim of this study was to develop a hysterectomy-specific definition of new persistent opioid use among opioid-naïve women. Secondarily, we sought to determine the prevalence of and risk factors for new persistent opioid use in women undergoing hysterectomy.
Materials and Methods
We performed a retrospective analysis of data from Optum Clinformatics Data Mart, a national database that includes both medical and outpatient pharmacy data for more than 73 million individuals from a single private health insurer in the United States. The study received exempt status from the University of Michigan Institutional Review Board (HUM00132182). Hysterectomies performed from Jan. 1, 2011, to Dec. 31, 2014, were identified using current procedural terminology and International Classification of Diseases, ninth revision codes.
We included women 18e63 years old with continuous insurance enrollment from 8 months prior to hysterectomy through the 6 month posthysterectomy time period. Women 64 years old and older were excluded because they could have become eligible for Medicare in the posthysterectomy time period, and to avoid confounding because of multiple plans, we wanted to restrict our population to women with a single insurance plan during the study period. Women with obstetrical indications for hysterectomy were also excluded.
To identify an opioid-naïve cohort, we excluded women with any opioid fills from 243 days to 31 days prior to hysterectomy. We did not exclude women with an opioid fill within 30 days prior to hysterectomy because some surgeons may provide opioid prescriptions for postoperative pain management during this time. Women who underwent additional surgical procedures in the 6 months following hysterectomy, identified using anesthesia current procedural terminology codes, were also excluded (Supplemental Table 1 ).
The perioperative period was defined as 30 days prior to 14 days after the hysterectomy and was considered the time period when opioid prescriptions would be expected as part of routine management of postoperative pain. 4 Thirty days prior to hysterectomy was defined as the preoperative period, and the time from 15 to 180 days following the hysterectomy was considered the 6 month postoperative period.
Opioids were converted to oral morphine equivalents (OMEs). Number of opioid prescription fills, days supplied, and total OMEs were analyzed during the preoperative, perioperative, and 6 month postoperative time periods to determine the distribution of these data. Opioids were identified as medications with a therapeutic class of either opioid agonist or opioid partial agonist. OME conversions were calculated using an opioid equivalent look-up. 7 The definition of persistent opioid use was based on data from the 6 month postoperative period. We analyzed patterns of opioid fills by month and by quarter and corresponding distributions of total OMEs and days' supply. These data were then used to determine cutoffs for our definition.
Three criteria were used to develop the definition: (1) number of opioid fills, (2) persistence of use, and (3) quantity of opioids filled (total OMEs and days supplied). To meet the first 2 criteria, a minimum of 2 opioid prescriptions had to be filled with at least one in the 15e90 day postoperative time period (first quarter) and at least one in the 91e180 day postoperative time period (second quarter). Women who met this criterion had higher average number of days' supply in the postoperative period compared with those with 1 fill in either quarter or 1 fill in any postoperative month.
This criterion also establishes a definition for persistence and therefore avoids classifying those with 2 opioid fills in the first quarter but none in the second quarter as persistent users. Determination of the third criterionquantity of opioids-was based on the top quartile values of total OMEs and days' supply for those who met the first 2 criteria. We chose the top quartile for this criterion to identify women whose opioid use was disproportionately higher than average, which subsequently avoids classifying someone as a new persistent user who had 1 fill per quarter but received only 5 tablets of hydrocodone with each fill.
We obtained demographics including age, race, educational level, and division of the country according to the US Census Bureau and used International Classification of Diseases, ninth revision, diagnosis codes to identify hysterectomy indications and prehysterectomy comorbidities present within the 8 month prehysterectomy time period. Gynecological and nongynecological chronic pain conditions as well as potentially relevant psychiatric diagnoses were identified. The comprehensive list of codes we used for the analyses is shown in Supplemental Table 2 .
Bivariate analyses were used to compare new persistent to nonpersistent opioid users. For categorical variables, either c 2 tests or a Fisher exact test in the case of small numbers were performed. Variables that were considered both statistically and clinically relevant as preoperative or intraoperative predictors of new persistent use were considered in a stepwise logistic regression model. Because published data show regional variation in opioid-prescribing practices after hysterectomy, 8 a hierarchical logistic regression model with US Census Division random effects to control for regional variation was developed, with independent factors associated with new persistent opioid use following hysterectomy.
AJOG at a Glance
Why was this study conducted? To develop a data-driven definition of new persistent opioid use following hysterectomy.
Key findings
New persistent opioid use after hysterectomy among previously opioid naïve women is low and increased odds are seen in women: increasing age, AfricanAmerican race, indication of gynecological cancer, abdominal route of surgery, preoperative diagnosis of depression/anxiety, and opioid fill within 30 days prior to hysterectomy.
What does this add to what is known?
This study provides a new, more comprehensive approach to developing a definition for new persistent opioid use after hysterectomy and identifies 2 potentially modifiable risk factors: opioid fill prior to surgery and abdominal route of hysterectomy.
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Collinearity between candidate covariates was assessed using Pearson's or Spearman rank correlation matrices. Confounding between variables was tested with an interaction product term to assess potential significance. All statistical analyses were performed using SAS version 9.4 (2012; SAS Institute, Inc, Cary, NC).
Results
Overall, there were 54,976 hysterectomies performed for women with continuous insurance enrollment during the study period. Of these, 18,707 were excluded for age 64 or age 17 years, 4321 were excluded for having other surgical procedures during the study period, and 7617 were excluded for having a preoperative opioid fill between 243 and 31 days prior to surgery. The final cohort included 24,331 women for analysis ( Figure) .
Overall, the median total dose of opioids given in the perioperative period (30 days before to 14 days after hysterectomy) was 225 mg OME (interquartile range [IQR], 150e300), which is equivalent to 30 5 mg oxycodone pills or 45 5 mg hydrocodone pills. Of those who met the fill criterion of our definition, median total dose of opioid prescriptions in the 6 month postoperative period was 537.5 mg OME (IQR, 300e1150) and median days supplied was 17 (IQR, 10e39). Therefore, based on the top quartile values for both variables, we defined new persistent opioid use as women with a total dose of 1150 OMEs or days supplied 39 and 2 opioid fills, with at least 1 fill each during the 15e90 day and the 91e180 day postoperative time periods.
Based on this definition, 0.50% (122 of 24,331) met criteria for new persistent opioid use following hysterectomy. Among new persistent opioid users, median total opioid dose prescribed during the 6 month postoperative period was 1725 mg OME (IQR, 1200e3000), which is equivalent to 230 5 mg oxycodone pills or 345 5 mg hydrocodone pills. hysterectomy. Women with new persistent opioid use were older and a higher proportion were African-American; however, education level and division of the country were similar when compared with the nonpersistent users. One in 4 new persistent users had a preoperative diagnosis of depression/ anxiety, a rate greater than twice that seen in nonpersistent opioid users; however, rates of gynecological pain diagnoses were similar. Greater than half of hysterectomies in the new persistent users group were performed via the abdominal route, a rate nearly twice that seen in the nonpersistent users. Conversely, vaginal hysterectomy was half as common in the new persistent vs nonpersistent group. Indications for hysterectomy differed between groups, with the new persistent opioid users having a higher prevalence of gynecological malignancies and a lower prevalence of benign indications (Table 2) . Table 3 shows comparisons of the number of prescription fills and OMEs at the different time intervals during the study period. Overall, 84.78% of women had an opioid fill during the perioperative period. One in 3 women in the new persistent group filled an opioid prescription in the 30 days prior to hysterectomy, which was twice the rate seen in the nonpersistent group. Of women with a preoperative diagnosis of chronic pelvic pain, cyclic pelvic pain or dyspareunia, 19.63% (1319 of 6721) had a preoperative opioid fill compared with 15.91% (2801 of 17,610) of women without these diagnoses (P < .0001).
Using variables significant in bivariate analyses, a hierarchical logistic regression model was developed to examine factors independently associated with new persistent opioid use while controlling for regional variation (Table 4) . Gynecological malignancy as the indication for hysterectomy was the factor most strongly associated with new persistent opioid use and increased the odds 7.5-fold. Abdominal route of hysterectomy was associated with a 360% increased odds of new persistent opioid use compared with the vaginal route, while no significant associations were seen between vaginal and other minimally invasive routes.
Women who filled an opioid prescription within 30 days prior to hysterectomy had a nearly 3-fold increased odds of being a new persistent opioid user, and preoperative diagnosis of depression/anxiety increased the odds by 260%. For every increased year of age, odds of new persistent opioid use increased by 4% and African-American women had a 60% increased odds of becoming a new persistent user. The C-statistic for the model was 0.74. Analysis of hysterectomy route and gynecological malignancy indicated that a significantly higher proportion of abdominal hysterectomies were done on patients with gynecological malignancy.
Because the route of hysterectomy and gynecological malignancy were included in the final model, we subsequently assessed whether these variables were collinear with each other by analyzing the Spearman rank correlation, which was found to be not significant 
Comment
Using data from a single national private health insurer, we propose a data-based definition of new persistent opioid use among opioid-naïve women undergoing hysterectomy based on 3 criteria in the 6 months after surgery: (1) number of fills 2; (2) 1 fill every 3 months; and (3) 1150 mg OME or 39 days' supply. Based on this definition, the prevalence of new persistent opioid use in our study was 0.5%. On average, new persistent opioid users received just more than 2 5 mg hydrocodone tablets per day (345 tablets per 165 days) during the 6 month postoperative period.
Our study extends the literature by providing a data-driven definition for new persistent opioid use specific to hysterectomy, which was previously lacking. Prior studies have reported the prevalence of new persistent opioid use following surgical procedures; however, the criteria used to define new persistent opioid use were determined a priori, included a variety of surgical procedures, or used definitions derived from a nonsurgical cohort. [4] [5] [6] A study by Brummett et al 4 did include hysterectomy as 1 of the surgical procedures; they reported the incidence of new persistent opioid use, defined as 1 or more opioid prescription filled between 90 and 180 days postoperatively, to be greater than 5% in this group, which is 10 times higher than what we report.
Our definition was purposefully more stringent in an effort to more accurately identify persistence of use by requiring at least 1 opioid prescription in the early postoperative time period (15e90 days) and also in the later postoperative time period (91e180 days). Another study by Sun et al 5 used a more conservative definition of new chronic opioid use, defined as 10 or more fills or >120 days' supply in the first postoperative year, for 11 surgical procedures (not including hysterectomy) and reported prevalences more consistent with our results, ranging from 0.119% after cesarean delivery to 1.41% after total knee arthroplasty. However, total OMEs for the same number of prescriptions or days' supply can vary widely, depending on the specific opioid and dose prescribed. Therefore, our definition accounts for this possible variation by also including criteria for OME quantity. Furthermore, our criteria used for days' supply and OME quantity were derived from the distribution of use in our cohort and are specific to hysterectomy.
We identified 2 potentially modifiable risk factors for new persistent opioid use following hysterectomy: abdominal route of hysterectomy and preoperative opioid fill. Nearly one-third of hysterectomies in the cohort were done abdominally. While this is an improvement from prior studies showing a national abdominal hysterectomy rate of greater than 50%, 1 opportunity still exists to decrease utilization of the abdominal approach. Abdominal route of hysterectomy is a known risk factor for increased postoperative pain and opioid use. 9, 10 Some indications for hysterectomy, like malignancy, may preclude the use of a minimally invasive route. In our study, hysterectomies done for gynecological malignancy vs other indications were more often performed abdominally (54.6% vs 27%, P < .0001). Despite this finding, overall, only 1.4% (90 of 6637) of abdominal hysterectomies were done for a gynecological cancer indication. Our results suggest that efforts to increase utilization of minimally invasive hysterectomy may help decrease the prevalence of new persistent opioid use after hysterectomy.
The other potentially modifiable risk factor we identified was a preoperative opioid fill within 30 days of the hysterectomy. We included women with opioid prescriptions in this time period because some surgeons may provide the prescription for postoperative pain medications during a preoperative visit; however, we are unable to know the exact indication for the preoperative opioid prescription. We know that chronic opioid use prior to surgery increases risk of chronic opioid use after surgery; 11-13 however, our finding suggests that even receiving an opioid prescription within a month of surgery increases the odds of persistent use postoperatively.
Based on this finding, we recommend against the routine practice of providing preoperative opioid prescriptions as well as avoiding starting opioid naïve patients on opioids prior to hysterectomy, if possible. The remaining factors we identified to be associated with an increased odds of new persistent opioid use were increasing age, gynecological malignancy, and depression/anxiety, all of which have been shown to have precedence in the literature. 4, 5, 14 The main limitations of the study are in those inherent with using a large administrative database. We used pharmacy claims data to estimate opioid use; however, we were unable to assess actual opioid consumption, use of over-thecounter pain medications or prescription neuropathic pain medications. We were also unable to determine the indication for the opioid prescriptions. We did not have access to potentially relevant clinical data such as uterine size or specimen weight. ajog.org
Our study population was limited to opioid naïve women <64 years old with a single national private insurer; therefore, our definition for new persistent opioid use may not be valid when applied to women 64 years old, the uninsured or those with other types of insurance or to women with chronic opioid use prior to hysterectomy. We were unable to control for patientspecific pain sensitivity or predisposition to opioid dependence, which may have confounded our results.
Finally, because our analysis was limited to the first 6 months after hysterectomy, we cannot draw any conclusions regarding long-term adverse clinical outcomes related to our definition of new persistent opioid use. Strengths of our study include steps taken to limit the study cohort to opioidnaïve women without additional surgical procedures in the study time period. We also used robust analyses to control for potential clinically relevant variables and regional variation in practice patterns.
In summary, we propose a datadriven definition for new persistent opioid use after hysterectomy in opioid-naïve women. Based on our definition, the prevalence of new persistent opioid use in this population is low; however, 2 potentially modifiable risk factors are preoperative opioid prescription and abdominal route of hysterectomy.
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